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I. INTRODUCTION 

Over the last thirty years, independent pieces of evi¬ 
dence have accumulated in favor of the existence of Dark 
Matter (DM), indicating that most of the matter of the 
universe is non baryonic and of unknown nature. Parti¬ 
cle physicists have come up with various DM candidates. 
The most promising and most extensively studied is the 
so-called neutralino, the Lightest Supersymmetric Parti¬ 
cle (LSP) which arises in supersymmetric models and is 
stable in models with conserved R-parity. 

Although theoretically well motivated, neutralinos are 
not the only viable DM candidates and it is important 
to investigate other possibilities arising in extensions of 
the Standard Model which are not the Minimal Super- 
symmetric Standard Model (MSSM). For instance, mod¬ 
els with compact extra dimensions possess plenty of new 
states, Kaluza-Klein (KK) particles. Very different types 
of models with extra dimensions exist, each showing a 
distinctive phenomenology. In brane world scenarios, 
the Lightest Kaluza-Klein Particle (LKP) is not stable 
and cannot be a DM candidate. Howeve^ in models 
with Universal Extra Dimensions (UED) [l|, in which 
all Standard Model fields propagate in extra dimensions, 
including fermions, the LKP may be stable if KK parity 
is preserved. KK parity is preserved in all models where 
boundary lagrangians are identical at both orbifold fixed 
points. Therefore, in this general class of models, the 
LKP turns out to be stable and was recently shown to 
be a viable DM candidate Q- 

The LKP is likely to be associated with the first KK 
excitation of the photon, more precisely the first KK ex¬ 
citation of the Hypercharge gauge boson Q , and we will 
refer to it as The relic density of was com¬ 

puted in Ref. Q where it was shown that if the LKP is 
to account for DM then its mass (which is inversely pro¬ 
portional to the compactification radius R) should lie in 
the range 400-1200 GeV which is above any current ex¬ 
perimental constraint: In the case of one extra dimension, 
the constraint on the compactification scale in UED mod¬ 
els from precision electroweak measurements is as low as 
R-i > 300 GeV Q. Very recently it was even argued 


that this bound can be weakened to R~^ ^ 280 GeV if 
one allows a Higgs mass as heavy as mn ^ 800 GeV 
0 . This is to be contrasted with another class of models 
where SM bosons propagate in extra dimensions while 
fermions are localized in 4 dimensions, in such cases, the 
constraint on the cornpactification scale is much stronger 
(i?“^ > several TeV Q). 

Direct detection of the LKP via its elastic scattering 
with nuclei in a detector was investigated in Ref. lEQ . It 
was emphasized in Q that one-ton detectors are needed 
to probe the expected heavy masses as indicated by the 
relic density calculation |3 of the LKP and one has to 
wait for the next generation of direct detection experi¬ 
ments such as GENIUS Q or XENON Simultane¬ 
ously, LHG should probe most of the relevant KK mass 
parameter space (up to R~^ ^ 1.5 TeV M) and defini¬ 
tively confirm or rule out UED at the TeV scale. 

In addition, there are other ways to probe KK DM 
indirectly. As for other Weakly Interacting Massive Par¬ 
ticles (WIMPs), the LKP could be detected via the mea¬ 
surement of fluxes of particles coming from its self an¬ 
nihilation. WIMPs annihilate with higher probability in 
regions where the density of DM is higher, like in the 
Sun or in the center of the Galaxy. Indirect detection 
prospects from LKP annihilation in the Sun was inves¬ 
tigated in mm. The idea is to look for a neutrino 
spectrum which could be detected by IceGube. Anni¬ 
hilation in the Galaxy can give rise to different fluxes: 
Positron excess from LKP annihilation was investigated 
in Ref. @ . While the signal (which could be detected by 
AMS) is spectacular for KK masses below 500 GeV, it 
is almost indistinguishable from background for masses 
above 800 GeV. The photon spectrum was investigated 
as well in Ref. and is also studied in the present article. 

The aim of this paper is to investigate the prospects 
for indirect detection of KK dark matter, focusing on 
radiation from the annihilation of such particles in the 
Galactic halo. In particular we estimate neutrino and 
gamma-ray fluxes, and the synchrotron radiation from 
e“''e“ pairs propagating in the Galactic magnetic field. 
The paper is organized as follows: In section QH the den¬ 
sity profiles of dark matter in galaxies and in particular 
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in the Milky Way are presented. Section ITTTI discusses the 
annihilation of particles and the details of fragmen¬ 
tation of secondary quarks. In section HU we evaluate 
gamma and neutrino fluxes from the galactic center and 
compare the predicted fluxes with observations. In sec¬ 
tion 0 we estimate the synchrotron radiation from e“'"e“ 
propagating in the Galactic magnetic field and the con¬ 
straints on the mass. Finally, results are summa¬ 
rized and discussed in section EH 


TABLE I: Parameters of some widely used profile models for 


the dark matter density in galaxies in Eq. Q 
the value of J(10“®), see text for details. 

. We also give 


a 

/3 

7 

R (kpc) 

7(10“®) 

Kra 

2.0 

3.0 

0.4 

10.0 

2.166 X 10^ 

NFW 

1.0 

3.0 

1.0 

20 

1.352 X 10® 

Moore 

1.5 

3.0 

1.5 

28.0 

1.544 X 10® 

Iso 

2.0 

2.0 

0 

3.5 

2.868 X 10^ 


II. DARK MATTER PROFILES 

In this section we discuss some widely used profile mod¬ 
els for the density of dark matter in galaxies, and the 
corresponding value for the integration along the line of 
sight in the direction of the Galactic Genter (GC). 

The choice of the dark matter density profile is crucial 
when discussing annihilation radiation, because it fixes 
the normalization of the observed spectrum. Even under 
the simplifying assumption of a spherically symmetric 
profile, the uncertainty on the dark matter distribution 
is such that it is impossible to put model-independent 
constraints on physical parameters of dark matter parti¬ 
cles. 

In fact, there is still no consensus about the shape of 
dark halos. High-resolution N-body simulations suggest 
the existence of “cusps”, with the inner part of the halo 
density following a power law oc with index 7 pos¬ 
sibly as high as 1.5 (see below). On the other hand ob¬ 
servations of rotation curves of g alaxies seem to suggest 
much shallower inner profiles |l2l| (but other groups claim 
the impossibility of constraining dark matter with such 
observations [l^h 

For what concerns the Milky Way, the situation is un¬ 
clear despite the wide range of observational data avail¬ 
able. Binney & Evans (BE, 2001) M exclude cuspy pro¬ 
files with 7 > 0.3, with an analysis based on micro-lensing 
optical depth. Nevertheless Klypin, Zhao & Somerville 
(KZS, 2001) M find a good agreement between Navarro, 
Erenk, and White (NEW) profiles, 7 = 1 , and observa¬ 
tional data for the Galaxy and M31. The main differ¬ 
ence between the two analysis is in the modelisation of 
the Galaxy: KZS claim to have taken into account dy¬ 
namical effects neglected by BE, and to have a “more 
realistic” description of the bar. 

The usual parametrisation for the dark matter halo 
density is 


p{r) 


_Po_ 

ir/Rp[l + (r/i?)“](/ 5 - 7 )/« 


( 1 ) 


In Tab. m we give the values of the respective parameters 
for some of the most widely used profile models, namely 
the Kravtsov et al. (Kra, [la), Navarro, Erenk and White 
(NFW, 0), Moore et al. (Moore, 0) and modified 
isothermal (Iso, e.g. 0) profiles. 

The dark matter profile in the inner region of the Milky 
Way is even more uncertain: observations of velocity dis¬ 


persion of high proper motion stars suggest the existence 
of a Super Massive Black Hole (SMBH) lying at the cen¬ 
tre of our Galaxy, with a mass « 2.6 x 10 ®Mq [^. 

It has been argued that the process of adiabatic 
accretion of dark matter on the central SMBH would pro¬ 
duce a “spike” in the dark matter density profile, leading 
to a power law index possibly as high as 7 « 2.4. Al¬ 
though central spikes could be destroyed by astrophysi- 
cal processes such as hierarchical mergers [^ [^ , these 
dynamical destruction processes are unlikely to have oc¬ 
curred for the Milky Way The existence of such 

spikes would produce a dramatic enhancement of the an¬ 
nihilation radiation from the GG, and would allow to put 
stringent constraints on dark matter particles properties 
and distribution 

As a first step for the study of indirect detection of KK 
dark matter, we choose to be conservative, and to focus 
on ordinary profiles without central spikes. 

We now want to compute the observed flux from dark 
matter particle annihilation in the GG. The observed flux 
can be written as 


<i)j(i/’,E) = av 


dN, 1 


dE AttM^ Jline of sight 


dsp^ {r{s,ilj)) 


( 2 ) 

where the index i denotes the secondary particle observed 
(we focus on 7 —rays and neutrinos) and the coordinate s 
runs along the line of sight, in a direction making an angle 
Ip respect to the direction of the GC. av is the annihila¬ 
tion cross section, dNi/dE is the spectrum of secondary 
particles per annihilation and M is the mass of the LKP. 

In order to separate the factors depending on the pro¬ 
file from those depending only on particle physics, we 
introduce, following ^3, the quantity J{ip) 




8.5 kpc \0.3GeV/cm / yiine of sight 


dsp'^ (?’(s,'i/’)) • 


( 3 ) 

We define J(Ar2) as the average of J{tp) over a spherical 
region of solid angle AH, centered on ip = 0. The values 
of J(AH = 10“®) are shown in the last column of tabled 
for the respective density profiles. 

We can then express the flux from a solid angle AH as 


ci>,(AH,F;)=. 5.6x10-12^ (i^)V(Af7) 

X AH cm“®s“®. (4) 
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FIG. 1: Fragmentation function of different quark species into 
pions. From bottom to top, the curves are relative to quarks 
c and b (on the same curve, three dots-dashed line), s (dash- 
dotted), d (dashed), u (dotted) and sum of all (solid). 



FIG. 2: Spectrum of charged pions after fragmentation times 
cross section (see Eq. 0, with h = and = ITeV^). 
The dotted line is the analytic fit Eq. Qwhich is sufficiently 
accurate up to a; ~ 0.8. 


III. CROSS SECTIONS AND 
FRAGMENTATION FUNCTIONS 

Annihilation cross sections of the LKP into Standard 
Model particles can be found in the appendix of Q • Here 
we are concerned with the annihilation into fermions / 
which, in the non relativistic expansion limit {{av) ~ 
a + bv'^), is given by: 

Bd) ^//) = (5) 

Nc, Nf and Y are respectively the number of colors, num¬ 
ber of generations and hypercharge of fermion /. For 
neutrinos, we obtain 

= 1-74313 X 10-5 M-2 (6) 

per neutrino flavor. In addition to their direct produc¬ 
tion, neutrinos can also be produced via subsequent de¬ 
cay of charged pions qq ^ u Di¬ 

rect annihilation into two 7 —rays is loop-suppressed, so 
high energy photons are mainly produced from decaying 
neutral pions ^ 7 r° —> 77 . To investi¬ 

gate the spectrum of secondary neutrinos and 7 —rays, 
one has to go through the details of quark fragmenta¬ 
tion into (neutral or charged) pions and their subsequent 
decay. 

We use the Fragmentation Functions (FF s) described 
by Kretzer (2000) and implemented in [^. In this ap¬ 
proach the hadronisation of partons is described by the 
function D^{x, Q^), which is the probability that the par- 
ton a fragments into a hadron h carrying a fraction x 
of the total momentum Q, where we sum over partons 
and anti-partons. For the processes we are considering 

~ m2. 

In Fig. 0 we show the FFs relative to different quarks 
for the production of Pions. 


The spectrum of hadrons h produced after fragmen¬ 
tation is the sum of the FFs of the different quarks, 
weighted with the corresponding quark pair production 
cross sections in self-annihilation, 

='^crav dI^{x,Q'^) . (7) 

a 

The result for charged pions, h = is shown in Fig. [21 
for (32 = ITeV^, along with the analytic fit 

/(^)- ( 8 ) 

which is sufficiently accurate up to a; ~ 0 . 8 . 

We are now able to compute the 7 —ray spectrum re¬ 
sulting from neutral pion decay into two photons. The 
spectrum of photons from the decay of a single neutral 
pion is flat. 


dE.y Ptt 

for E.y in the interval {Ej^ ± Pn-)/ 2 , where Ei and Pi 
denote energy and momentum of the respective particle. 

For relativistic pions, Et^ so that the spectrum 

can be approximated with a Heavyside function. The 
7 —ray spectrum is thus 

= f fix')^dix'-x)dx'. (10) 

dx Jo x' 

Examples of predicted fluxes for different particle masses 
and different density profiles are given in the next section. 

Finally, to compute the neutrino spectra we use the 
formulae provided in [ 2 ^. In Fig.|21we show the resulting 
spectra of 7 —rays, e’*', and Ve. 










4 



FIG. 3: The spectra of 7 —rays (solid), e”*" (dashed), 77^ (dot¬ 
ted), Ve. and (dash-dotted), resulting from folding Eq. 0 
with the pion decay spectra. 
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FIG. 4: Expected 7 —ray fluxes for (top to bottom) M = 0.4, 
0.6, 0.8, and 1 TeV and J ^10“^) = 500. For comparison 
shown are typical 7 —ray fluxes predicted for neutralinos of 
mass ~ 200 GeV, as well as EGRET data and expected sensi¬ 
tivities of the future GLAST, MAGIC and HESS experiments. 


IV. GAMMA-RAY AND NEUTRINO FLUXES 

In Fig. 0 we show the expected 7 —ray flux in a solid 
angle All = 10“^ in the direction of the GC for M = 0.4, 
0.6, 0.8, and 1 TeV and for J (10“^) = 500. To obtain 
the flux for a given profile, one can use the corresponding 
value of J (AO) given in the last column of Tab. ^ In the 
same figure we show for comparison observational data 
from EGRET , and expected sensitivities of the future 
experiments GLAST |^, MAGIC [sj and HESS |^ . 

We notice that Eq. 0 can be written as 

5.6 X 10-12 (i^)^7(AO) 

X AO cm-2 s”!. (11) 



FIG. 5: Value of J = J(10-^) required to produce 7 fluxes 
observable by the future GLAST, MAGIC and HESS exper¬ 
iments, as a function of the Rb) mass. For comparison we 
show the value of J for some profiles discussed in the text. 



M (TeV) 

FIG. 6 : Integral flux of 7 —rays (dotted line) and muon neutri¬ 
nos (solid) above 50 GeV, for J (lO”^) = 500 . The dashed 
line shows the contribution of direct Rb) annihilation into 
neutrinos. Horizontal lines are sensitivities of present and 
future experiments for 7 —rays (dotted horizontal lines) and 
neutrinos (upper solid line). 

In this formula we used the fact that particles are 
expected to be non-relativistic in the GC, so we can safely 
use the non-relativistic limit of the cross section av —> 
a(M/lTeV)-2. 

Given the particle physics details (cross sections and 
fragmentation) we are thus left with two free parameters: 
the mass of the dark matter particle, M, and the value 
of J(Af2), depending on the specific dark matter profile 
adopted. We show in Fig. 0the constraints on these two 
parameters based on the expected sensitivity of GLAST, 
MAGIC and HESS. For a NFW profile masses below 600 
GeV are excluded if MAGIC does not observe any radi¬ 
ation from the GC. 
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Constraints from neutrino fluxes are weaker. High en¬ 
ergy neutrinos can be detected with large underground 
telescopes, which are sensitive to muons originated by 
charged current interactions of with the matter sur¬ 
rounding the detector. 

In Fig. El we plot the integral flux of muon neutrinos 
above 50 GeV (solid line) as a function of the B^^'> mass. 
This flux is obtained by adding the contribution of neu¬ 
trinos from three different channels: 

• neutrinos produced directly by annihilations 
(dashed line), their spectrum being a line at energy 
E = M 

• secondary neutrinos from decay of charged pions. 
This spectrum can be evaluated using the above 
cited expressions for the charged pion decay ob¬ 
tained in Ref. [2^ 

• secondary neutrinos from “prompt” semi-leptonic 
decay of heavy quarks. This spectrum is given, for 
example, in Ref. |^. 

We show in the same figure an estimate of the sensi¬ 
tivity of the neutrino telescope ANTARES (upper solid 
line). To estimate this sensitivity, we first evaluated the 
rate of muons in ANTARES from the direction of the GC, 
which depends (see, for example, Eq. (2.1) of Ref. 0) 
on specific experimental quantities, such as the detector 
effective area and the threshold energy for the detection 
of muons. The rate is higher for more energetic neu¬ 
trinos, being proportional to the muon range and to the 
neutrino-nucleon cross section, which are both increasing 
functions of energy. 

We found that ANTARES is most sensitive to the flux 
of neutrinos directly produced from annihilations. 
In fact, although the branching ratio for this channel is 
one order of magnitude smaller than the branching ratio 
into quark pairs, they are emitted at the highest avail¬ 
able energy, E = M. To compute the sensitivity curve 
in our plot, we finally compared the predicted muon rate 
with the expected rate due to the atmospheric neutrino 
background, and thus estimated the required normaliza¬ 
tion for our signal to exceed the background, for different 
values of the particle mass. 

In Fig. El we also show the integral flux of photons 
(same threshold as for neutrinos, to compare relative 
flux) and the expected sensitivity of future experiments 
GLAST, MAGIC and HESS. 

We also note that, following El, the flux of high en¬ 
ergy neutrinos from annihilations in the sun should 
imply a muon rate around two orders of magnitude larger 
than in the present case. Note also that our estimate for 
the 7 —ray flux is in good agreement with Fig. 3 of |^. 


V. SYNCHROTRON RADIATION 

Another interesting mean of indirect detection of dark 
matter is the synchrotron radiation originated from the 


propagation of secondary in the Galactic magnetic 
field. 

The ma gnet ic field is supposed at equipartition (for 
details see |^|^) in the inner part of the Galaxy and 
constant elsewhere. More specifically 


B(r) = max 


324/xG 



6/xG 


( 12 ) 


which means that the magnetic held is assumed to be 
in equipartition with the plasma out to a galactocentric 
distance = 0.23 pc, and to be equal to a typical value 
observed throughout the Galaxy at larger distances. 

If the actual value of the magnetic held away from 
the central region was smaller than the one we consid¬ 
ered, this would imply a shift of the radio spectrum to¬ 
wards lower energies and thus, in the range of frequencies 
we are interested in, a higher hux for a given frequency. 
This would also translate into stronger constraints for the 
mass and annihilation cross section. Nevertheless we pre¬ 
fer to be conservative and consider a quite high value of 
B. Note that magnetic helds stronger than equipartition 
values are physically unlikely. 

The synchrotron hux per solid angle at a given fre¬ 
quency V (cfr. Eq. (22) in [^) is 


LuW 

where 


19 / 1 

47r 8 \O. 297 r e 


1/2 

zz-1/2 /(^), 


(13) 


poo 

I{ip)= ds p'^ {r{s,tlj)) , (14) 

Jo 


and s is the coordinate running along the line of sight. 
Ye {M, v) is the average number of secondary electrons 
above the energy Emiy) of the electrons giving the max¬ 
imum contribution at a given frequency v and for a mag¬ 
netic held B. We recall that (Eqs. ( 6 ) and (7) in [^) 


Emiy) 


/ 47r V \ 

y's ~b) 


(15) 


For frequencies around 400 MHz, used below, and for 
the lowest value of the magnetic held, we hnd that 
Em (400 MHz) < 2 GeV. In reality, for dark matter pro- 
hles with central cusps, e.g. the NFW, Kravtsov, and 
Moore prohles discussed above, most of the annihilation 
signal comes from the inner region of the Galaxy, where 
the magnetic held is probably higher. For 1 / = 400 MHz 
and r < 


which at the inner edge of the prohle, corresponding to 
the Schwarzschild radius of the SMBH at the GC, Rs = 
1.3 X 10“® pc, takes the value Emi^OO MHz) = 2.2 x 10“® 
GeV. We thus always have (400 MHz) ^ M, which 
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means that most of the secondary electrons are produced 
above this energy and contribute to the radio flux. 

For a particle of mass M, the average electron multi¬ 
plicity per annihilation Yf.{M) is evaluated by adding the 
contribution of every annihilation channel i, with cross 
section (fTw)i, producing Y^{M) electrons 

avY,{M) ^Y.^av)iY:{M), (17) 

i 


where av is again the total annihilation cross section. 

The main channels contributing to this flux are direct 
production of leptons, and annihilation into quarks, as 
discussed above. In the first case, we have T/ (M) = 
Y^ (M) ci 2 in all the relevant range of masses, while 
in the quark channel, to count the number of electrons 
we integrate the FF for e’*' shown in Fig. ||2Jl, 
and multiply by a factor 2 to account for e~ from the 
corresponding decay of tt~ . Using Eq. and extrap¬ 
olating the FF in Fig. © at low X values, we find e.g. 
avYeil TeV) ~ 6 x TeV^ and Ye(l TeV) - 4.5 for 
M = 1 TeV. The electron multiplicity in the hadronic 
channel alone would be much larger, namely roughly 20. 

To obtain the observed radiation, one should multiply 
the luminosity L^, with the synchrotron self-absorption 
coefficient. In our case optical depth is negligible and 
the self-absorption coefficient of the order of unity. In 
fact, using the expression introduced in |^, the optical 
depth can be expressed as 


av Ye{M) 1 
M2 Att ^ 



(18) 


where cZq ~ 8 kpc is the distance of the sun from the GC. 
Using M = I TeV, av = 1.6 x lO^'^TeV”^ (cross section 
for annihilation into right-handed up quarks) and a NFW 
profile we find r = 1.78 x 10“"* (i//I00MHz)~^. We can 
thus neglect self-absorption unless the frequency consid¬ 
ered is very small. The absorption on relativistic elec¬ 
trons from other sources is also negligible: Using n{E) Y 
10“2 GeV“^cm“2s“isr“^ for the locally observed differ¬ 
ential electron flux in the relevant energy range given by 
Eq. II611 1^. one obtains for the absorption coefficient 
per length Y q x I0“^®pc“^(i?//iG)(z^/GHz)“2. Ob¬ 
viously, even if the relativistic electron flux due to non¬ 
acceleration processes close to the GC is orders of magni¬ 
tude larger, the effect would still be negligible. However, 
for frequencies below a few MHz free-free absorption sets 
in (see e.g. 113 )• 

In Eig.[3we evaluate Eq. dia for three different halo 
profiles, as a function of the angular distance from the 
GC. 

To compare with observations we integrate over the 
relevant solid angle. The comparison between predicted 
and observed fluxes constrains the cross section of anni¬ 
hilating dark matter particles and therefore their mass. 
We studied three different cases: 


1. Flux at ly = 408 MHz in a cone of half-width 4 arc- 
sec pointing towards the GC. Assuming a NFW 



FIG. 7: Synchrotron emission at frequency v = 327 MHz for 
NFW (solid line), Moore (dashed) and Kravtsov (dotted) pro¬ 
files, as a function of the angular distance from the Galactic 
center. 


profile, the comparison with the observed flux, 
which is Y 0.05 Jy [13, puts the following con¬ 
straint on the cross section 


av < 1.5 X lO-^"* 



yJ='=(lTeV) 

Ve(M) 


cm^s ^ 


(19) 


where Y^^ refers to the particle, while Yg rep¬ 
resents the electron yield for a generic candidate. 

2. Flux at v = 327 MHz from a circular ring around 
the GC with inner and outer radius equal to 5 and 
10 arcmin, respectively. We estimated the observed 
flux from to be ~ I2I Jy. If we impose the 
predicted flux for a NFW profile not to exceed the 
observations, then 


av < 6.0 X 10"^^ 



V“(lTeV) 

Ye{M) 


Q — 1 

cm s 


( 20 ) 


3. Flux at = 327 MHz in a cone of half-width 13.5 
arcmin pointing towards the GC. The observed flux 
is ~ 362 Jy The constraint on the cross section 
in this case is (for a NFW profile) 


av < 6.9 X lO-^"* 



V“(lTeV) 

Ye{M) 


r> _ 1 

cm S 


( 21 ) 


The constraints derived on the cross section are quite 
general and apply to any type of self-annihilating dark 
matter particles. To test specific candidates one has to 
specify the relation between cross section and mass. In 
particular the above constraints can be turned in a lower 
bound on the mass of the KK particle. In Fig. |51 we 
show predicted and observed fluxes for KK particles, for 
a NFW profile, as a function of the particle mass. For 
every case we plot the predicted and observed flux, the 
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FIG. 8: Predicted (curves) and observed (horizontal lines) 
radio flux from regions close to the Galactic center, for a NFW 
profile, as a function of the particle mass. Bottom to top: case 
1 (solid lines), case 2 (dotted lines) and case 3 (dashed lines), 
see text for details. 
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FIG. 9: Predicted radio flux from a 4 arcsec cone around 
the Galactic center, as a function of the KK particle mass 
for different density profiles. Bottom to top: Kravtsov et al. 
2nd example (dotted line), NFW (solid line) and Moore et al 
(dashed line). 


latter being of course represented by a horizontal line. 
Cases 1, 2 and 3 are respectively represented by solid, 
dashed and dotted lines. Case 1 is the most constraining, 
implying a lower bound on the mass of about 0.3 TeV. 

To emphasize the importance of the density profile 
adopted, we plot in Fig.^lthe flux corresponding to case 1 
for three different profiles. It is evident that for a Moore 
et al. profile the synchrotron flux would exceed the ob¬ 
served emission by several orders of magnitude for any 
interesting value of the mass, while for a Kravtsov 
profile particles are practically unconstrained. 

We also compared high latitude predicted fluxes with 
observations [^. The strongest constraints result from 


the lowest frequencies at which free-free and synchrotron 
self-absorption are not yet important, i.e. around 
10 MHz j^. Here, the observed background emission 
between 0° and 90° from the Galactic anti-center is 
~ 6 X 10® Jy. Comparing with the predicted emission 
results in the limit 


av < 10 


-22 



Ve(lTeV) 

Ye{M) 


Q — 1 

cm s 


( 22 ) 


While this is considerably weaker than the constraints 
above, it is largely independent of the unknown GC dark 
matter profile. 

Note that we can safely neglect other energy losses of 
secondary electrons such as Inverse Compton Scattering 
(ICS) and Pair Production (PP), which are much less 
efficient than synchrotron emission at the GC. Consider 
in fact the Synchrotron energy loss time 


te-E 



3^6 

2e^B^E ■ 


(23) 


This implies a synchrotron photon energy density u ~ 
teCrvp'^/M < 10“®^GeV'*, compared to the cosmic mi¬ 
crowave background energy density mcmb — lO^^^GeV"*. 
If ctt is the Thomson cross section, we can express the 
ICS loss time as (see e.g. EH) 


tics 


AarEu 


> 8 X 10^2 



(24) 


The energy loss time is even longer for PP, tg+e- ^ 8.8 x 
10 ^®pc. 

Finally we can check whether we can get interesting 
constraints from clumped halos. In fact, high-resolution 
N-body simulations suggest the existence of many sub¬ 
structures in the dark halos (see e.g. 01). Without going 
into details, we refer to |^. where synchrotron emission 
is evaluated for neutralino annihilation in clumped halos. 

If we consider clumps with a NFW profile, we can re¬ 
fer to Fig. 2 of 01 and extrapolate the flux for a ITeV 
neutralino at = 0.1 GHz to be ^ 10 Jy, in a solid an¬ 
gle which we estimate, using the normalization of GMB 
anisotropies, to be around AH = 3 x 10“® sr. We can 
have a rough idea of the flux corresponding to our clump 
candidate, for the same mass, by rescaling the flux by the 
ratio of the B^^^ to the neutralino annihilation cross sec¬ 
tion. The expected flux for our candidate clump should 
thus be of the order of 100 Jy. 

To see if this flux can outshine the background, we 
compare it with low frequency observations of the galac¬ 
tic anti-center regions for which recent estimates suggest 
a diffuse flux, at iz = 0.1 GHz, of 3 x 10® Jy sr“^ E3i 
which for the above solid angle would give a flux of 
« 10® Jy, thus exceeding the predicted flux by one order 
of magnitude. Thus the hypothesis of a clumped halo for 
our Galaxy does not put any further constraint on the 
parameters of our dark matter candidate. 

The above constraints would become much more strin¬ 
gent if a spike extended at the GC, nevertheless in this 












case self-absorption would play a more important role , 
requiring a careful analysis . 

VI. CONCLUSIONS 

We have evaluated the prospects for indirect detection 
of , the first Kaluza-Klein state of the Hypercharge 
B gauge boson. In particular, we focused on neutrino, 
7 —ray, and synchrotron fluxes from annihilation of B^^'^ 
particles in the Galactic halo. 

Assuming a Galactic magnetic field at equipartition 
in the inner part of the Galaxy and equal a few micro 
Gauss elsewhere, we showed that, with the same density 
proHle, synchrotron radiation give stronger constraints 
than 7 -ray emission, for what concerns existing observa¬ 
tions, while neutrino fluxes are much below the expected 
sensitivities of future experiments and several orders of 
magnitude smaller with respect to those expected from 
annihilations in the Sun. 

Significant constraints on 7 —rays will result from hy¬ 
pothetic null searches at the expected sensitivity of future 
experiments like GLAST, MAGIG and HESS. In partic¬ 
ular, a null search of MAGIG would imply a lower bound 
on the mass of M > 0.6 TeV for a NEW prohle. The ex¬ 
istence of a spike at the GG would enhance the observed 
fluxes by several orders of magnitude, and would thus 
basically rule out the whole range of masses. 

On the other hand, predicted synchrotron fluxes are 
less robust because they not only depend on the dark 
matter prohle close to the Galactic center, but also on 
specihc assumptions for the Galactic magnetic held. 

Gomparing predicted and observed synchrotron huxes 
from the Galactic center, we derived, for a NEW prohle, 
an upper bound for the annihilation cross section of av < 


1.5 X 10-24(M/TeV)2y'“(lTeV)/re(M) cm^ s-\ which 
translates, for B^^^ particles, into a lower bound on the 
mass of about M > 0.3 TeV. We also discussed how this 
bound would vary depending on the dark matter prohle 
adopted. 

To conclude, the Minimal Supersymmetric Standard 
Model is not the only viable extension of the Standard 
Model and the LSP is not the only viable Dark Matter 
candidate. It is therefore important to be open to other 
alternatives. Here, we focused on the Lightest Kaluza- 
Klein Particle, B^^\ a typical WIMP and a viable DM 
candidate. Direct and indirect detection prospects for 
S(i) 

are challenging. In this work, we were able to set a 
constraint on the mass of the LKP and therefore on the 
compactihcation scale of Universal Extra Dimensions. 
Such a constraint comes from an existing measurement 
of synchrotron radiation and is of the same order as the 
one from current electroweak precision tests. However, 
a better knowledge of the Galactic Dark Matter prohle 
together with that of the magnetic held would be help¬ 
ful to put this constraint on a more robust footing. The 
idea of TeV Kaluza-Klein Dark Matter remains safe for 
a while. 
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